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Abstract 
Gastric cancer is the most prevalent and the leading cause of cancer death in Colombia. It has been identified as possible risk 
factors associated the altitude in the Andean region and the acquisition of the bacterium Helicobacter (H.) pylori in childhood. 
The aim was to explain the behavior of this pathology in the department of Boyacá, Colombia for 2005, to assess the effect of 
incorporating a structure of spatial dependence in the model, and identify the most significant etiological factors that may explain 
the occurrence of cases. In this study, two models were estimated, the first one, a generalized linear model with Poisson response 
without spatial structure (GLMp), and the second one, a generalized linear mixed model Poisson with spatial structure using 
Moran eigenvectors (GLMMp_ME) to remove the spatial autocorrelation of the residuals. Additionally, spatial aggregation tests 
for model residuals were made. The work was developed in R 3.1.1. The results showed aggregations of local type in some 
municipalities of the department and very few of the explanatory variables were significant in the model. The importance of 
considering spatial effects in these models was evident and some etiological hypotheses referenced in related studies were 
refuted. 
© 2015 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of Spatial Statistics 2015: Emerging Patterns committee. 
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1. Introduction 
It is called Cancer to a group of diseases characterized by an uncontrolled growth and spread of abnormal cells 
that if are not controlled, can lead to the death, being the leading cause of death by diseases around the world [1]. A 
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type of cancer which is known to have the highest prevalence as leading cause of cancer death in Colombia in men 
and women, is the stomach cancer, also called gastric cancer [2], which has several interesting features that make it 
relevant to analyze, as the fact that this disease has a notorious risk pattern that shows a connection between the 
altitude throughout the Andean region [3], or the fact that there is a high association between the acquisition of the 
bacterium H. Pylori in childhood and the development of stomach cancer in adulthood, where it has been identified 
that the bacterial infection is the most important risk factor for the development of gastric cancer [4]. 
From diverse epidemiological analysis made by several authors, is further known that this type of cancer is 
associated with many factors well identified, such as the income, the living conditions, the education level or the 
type of social security that has the population [2], and even factors such as living conditions in childhood, family 
size, hygiene or type of water supply, which have been identified as relevant to the prevalence of H. Pylori [5], and 
hence, important indirect factors for the generation of gastric cancer. 
By regarding this, through methods of the Spatial Statistics, the distribution of cases of gastric cancer at the 
municipal level for the department of Boyacá, Colombia during 2005, was described. This department was chosen 
because of the especially high number of cases of death by gastric cancer that were registered there in 2005 with 
respect to the other departments in Colombia, and the study was done by analyzing some of the potential risk factors 
associated that have been identified and are available for that year and that region, and therefore, refute the known 
etiological hypotheses for that specific disease, which refers to a spatial model to explain its process and give 
concise guidelines for reliable health policy, allowing the department to estimate and decide on the needs and 
priorities in the fight against this disease that for 2005 were relevant, and thus, guide the organization of those today. 
2. Methodology 
The area under investigation is located in the department of Boyacá, Colombia, a zone over the Andean region, 
and covered the 123 municipalities that comprise the department. To develop the work, a Spatial Database (SDB) 
stored in a shapefile was used. To create it, information on the number of cases of deaths from gastric cancer in 2005 
(C16) for each of the municipalities of the department (in MS Excel) was initially provided, and information 
regarding other selected variables based on particular etiologic studies was added, with which the models were made 
(see Table 1), and namely were the Total number of persons living by municipality Urban or Rural (Pob), the 
Percentage of people who have to satisfy some of the needs identified as basic (NBI), the Total annual resources in 
the territorial entity divided by the Total population of the territorial entity (IPPC), the Proportion of total household 
with children under six years at home and overcrowding (TCHog), the Percentage of population whose educational 
level is Basic Primary (NEBP), Secondary Basic (NEBS) or Higher and Postgraduate (NESP), the Population 
affiliated to the general social security system in Contributory scheme (ARC) or Subsidized regime (ARS), and the 
Average altitude of the municipalities on sea level (Altmsnm), all of them referred for 2005. The flat coordinates (in 
local projection system MAGNA SIRGAS, origin MAGNA Colombia Bogota) of the population centers of each 
municipality was also used to the calculation of contiguity matrixes. That database (DB) was joined to a shapefile of 
the municipalities of Boyacá, taking as identifier attribute the DANE code of the municipality, which was in both, 
the DB and the shapefile, thus generating the SDB. Afterward, the SDB was loaded into R, and the routine to 
estimate the GLMp and the GLMMp_ME, was written and executed. 
    Table 1. Summary table of variables included in the analysis. 
Variable C16 Pob NBI IPPC TCHog NEBP NEBS NESP ARC ARS Altmsnm 
Min. 0 885 8,99 0 12,43 27,2 6,6 0,5 0 693 145 
Mean 1,8 10206 42,6 448,6 15,89 53,27 14,3 3.989 2876 5406 2129 
Max. 24 154096 82,4 539,2 18,21 66,9 22,2 26.000 102437 41899 3100 
3. Results and Discussion 
First, to be able to choose the best contiguity matrix, an indirect adjustment was made through a Standardized 
Mortality Ratio (SMR) for C16. Next, to select the best  matrix, were taken into account 10 criteria of contiguity 
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(see Table 2), and using the SMR as attribute, was selected one that had the lowest value of AIC, which 
corresponded to the 3-nearest neighbor. By having chosen the adjacency matrix, the  matrix was defined, where it 
was selected the Binary style, because if little is known about a spatial process, it is best not to move away from the 
binary representation of the weights [6]. 
 
        Table 2. Statistics of the contiguity criteria matrixes 
 
Criteria 
 
Rook 
 
Queen 
Delaunay 
Triangulation 
Sphere of 
influence 
 
Gabriel 
Relative 
neighbors 
n-nearest neighbor 
n=1 n=2 n=3 n=4 
AIC -4.31 30.38 17.47 11.83 26.01 33.11 61.49 0.83 -6.07 1.85 
 
Defined the  matrix, it was proceeded to estimate the regression models. As dependent variable was used C16 
compensated with the natural logarithm of Pob, estimated as a function of the others covariates shown in Table 1. 
Thus, the results shown in Table 3 were obtained, where are displayed the coefficients and p-value of the GLMp, the 
GLMMp_ME, and just the explanatory variables that were not excluded by inconsistency or no significance are 
presented. 
In the model with spatial structure, two Moran eigenvectors (ME23 y ME108) were included, which 
corresponded to those that took better into account within the GLMp, the spatial dependence present in the residuals. 
As a comparison mean between the models was used the AIC, which in the GLMMp_ME, had a lower value, albeit 
very slightly. Therefore, a Moran’s I test for the residuals was also performed, and revealed that for the GLMp, the 
spatial dependence was successfully taken into account, because the test was not significant for their residual. 
However, it is noted too that the GLMMp_ME also took into account the spatial dependence of the model, and did it 
more efficiently, because the p-value of the test for its residual was higher, which would mean that the model 
represents better the behavior of the phenomenon under study. The results are shown in Table 4. 
Finally, Figure 1 shows the change in the residuals between the estimated models, and it illustrates where the 
spatial dependence of the disease, explained by the GLMMp_ME, was removed and taken into account within that 
model. 
 
 
Fig. 1. Difference in residual models GLMMp_ME – GLMp 
Table 3. Coefficients and p-value of the covariates analyzed in the 
models 
Model GLMp GLMMp_ME 
AIC 381.03 380.46 
Variables p-value Estimate p-value Estimate 
Intercept 1.40e-10 -1.867e+01 1.52e-10 -1.995e+01 
NBI 0.00016 3.583e-02 0.000157 3.673e-02 
TCHog 2.52e-05 4.551e-01 6.85e-06 4.907e-01 
ME23 --- -- 0.008752 -1.770e+00 
ME108 -- -- 0.012757 -2.222e+00 
 
Table 4. Test of spatial autocorrelation of the residuals of the 
models analyzed 
Residual/Statistical Value of the statistic (Moran’s I) p-value 
GLMp_resid 0.0259 0.2339 
GLMMp_ME_resid 0.0293 0.5799 
4. Conclusion
The spatial behavior of a disease such as gastric cancer, is not an easy phenomenon to study, due to the many 
limitations that it has, among which are counted, poor records of cases of the illness, equally poor records of 
variables that may explain this phenomenon, or the difficulty of studying the disease indirectly, as was the case in 
this study.  
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It is important to note that, if a correct measurement and modeling of spatial dependence in the areal data was 
obtained, it was in part because a suitable  matrix was chosen with help of the coordinates of the population 
centers, where it is supposed that the cases of gastric cancer are attended and registered, so, the importance of 
including these coordinates was large. 
With respect to the variables that were not significant within the models, such as those that measured the 
education level, the affiliation with a general system of social security, or the per-capita revenue, which a priori were 
expected to be significant in explaining C16, could not be significant presumably, due to the fact that the records of 
these variables were available for the entire population, while ideally these variables should be specified for each 
case of cancer occurred, which unfortunately is not so easy to achieve due to privacy that must keep the cancer 
records with the people affected. Similarly, it was expected that the variable Altmsnm was significant, however, it 
could not be significant, due to the low variability in altitude between the municipalities of Boyacá, so a nationwide 
study may be more appropriate to refute the hypothesis of association between the altitude and the prevalence of C16 
for municipalities over the Andean region. 
Nonetheless, the results obtained with the regarded regression models were satisfactory, since the value of the 
coefficients of those variables that were significant, are consistent with what is known about the disease. For 
example, the positive value for the coefficient of the variable NBI (for which high values indicate that most of the 
habitants in a municipality have to satisfy some of the needs identified as basic), means that municipalities with a 
high NBI value presented more cases of death by gastric cancer. Likewise, the positive value of the variable TCHog 
indicates that those municipalities with a high percentage of household that live with children under 6 years and in a 
situation of overcrowding, had more cases of death by gastric cancer, which is consistent with the results obtained in 
[5]. 
Figure 1 shows where the spatial structure was most relevant in improving the explanation of the disease 
behavior, in which those municipalities with clusters of decrease (magenta) or increase (cyan) of model residuals, 
should be examined with detail, because there, presumably exist others factors still unknown, that produced a spatial 
dependence, and are represented by the two ME variables chosen in the GLMMp_ME. 
Finally, it was observed that the use of ME can act as a complementary method suitable for modeling etiologic 
causes, as it provides a mean to improve the understanding of the spatial structure of the response variable and the 
explanatory variables as well, and is also useful to evaluate the spatial importance of explanatory factors not 
regarded, either because are hard to measure or are still unknown, this by using these ME as proxies variables of 
demographic or causal agents, to deal with autocorrelation, multicollinearity, and confusion variables, as was 
similarly described in [7], and are especially useful if exists a limited availability of records for etiological variables, 
as was the case in this study. 
Acknowledgements 
The authors extend their sincerest gratitude to the National Administrative Department of Statistics (DANE), the 
National Planning Department (DNP), the Agustin Codazzi Geographic Institute (IGAC) and the Ministry of Social 
Protection, all of them governmental entities of Colombia, for providing us the data.  
References 
1. WHO. OMS | Cáncer. [online]. [Accessed 8 November 2014]. Available from: http://www.who.int/mediacentre/factsheets/fs297/es/ 
2. DAZA, D. Cáncer gástrico en Colombia entre 2000 y 2009 [online]. Dissertation. Universidad del Rosario, 2012. 
[Accessed 16 November 2014]. Available from: http://repository.urosario.edu.co/handle/10336/4004 
3. PIÑEROS, M, PARDO, C, GAMBOA, O and HERNÁNDEZ, G. Atlas de mortalidad por cáncer en Colombia. Bogotá : Instituto Nacional de 
Cancerología; Instituto Geográfico Agustín Codazzi, 2010. ISBN 978-958-99697.  
4. CORREA, P. Gastric cancer: an infectious disease. Revista Colombiana de Cirugía. June 2011. Vol. 26, no. 2, p. 111–117.  
5. STREBEL, K, ROLLE-KAMPCZYK, U, RICHTER, M, KINDLER, A, RICHTER, T and SCHLINK, U. A rigorous small area modelling-
study for the helicobacter pylori epidemiology. Science of The Total Environment. 15 August 2010. Vol. 408, no. 18, p. 3931–3942.  
6. BIVAND, R, PEBESMA, E and GÓMEZ-RUBIO, V. Applied Spatial Data Analysis with R. Springer, 2008. ISBN 978-0-387-78170-9.  
7. VOUTILAINEN, A, TOLPPANEN, A, VEHVILÄINEN-JULKUNEN, K and SHERWOOD, P. From spatial ecology to spatial epidemiology: 
modeling spatial distributions of different cancer types with principal coordinates of neighbor matrices. Emerging Themes in Epidemiology. 1 
December 2014. Vol. 11, no. 1, p. 1–10.  
